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ABSTRACT

Decision theoretic testing is used to explore whether
junior high students can improve their tendencies to make
realistic assessments of what they know, i.e. to assign
subjective probabilities congruent with their information
and reasoning about the problem at hand. In nine sessions
over a period of three weeks, 49 seventh graders used computer
terminals to record probability values in the form of
logarithmic, equivalents for each alternative in a randomized
set of multiple - choice math problems. Ss viewed problems,
calculated values on a set of panels calleu a SCoRule; entered
a value for each alternative, and received immediate feedback
after each problem.

Students were assigned to three treatment groups. One
worked individually, one worked individually with explicit

/ feedback about observed realism in the form of a computer-
.generated graph at the end of each session, and the third
group worked as teams of size three or four, each team sharing
a terminal and receiving the graph.

A paper-and-pencil posttest showed a slight gain in
realism over an equivalent pretest, but the difference was
not statistically significant. A dramatic shift toward
defined realism.(observed realism within five degrees of
perfect realism) did occur, however, among low achievers in
the second treatment grOuP. A second posttest, administered
as teams of size three instead of individually, contained
harder items than the first posttest, and realism loss was
significant, especially for the team study treatment group.

Analysis of theaining sessions and posttests revealed
differences in the stability of ,Assessment behaviors but a
common tendency to be overconfident, to be less realistic
as problems become more difficult, and to distort the value of
one's knowledge when working as teams. Realisp training was
most effective when explicit feedback (i.e. tye graph) was
provided and the achievement level was low. Time constraints,
however, may have reduced effectiveness, and an extended
program of realism training may be needed in order to modify
long-established tendencies.
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I. Statement of the Problem

Educators frequently assert that along with knowing
facts, principles, and skills it is important that students
know what they don't know, A student who is unaware of the
limitation's of his knowledge is unprepared to make sound
judgments in situations of uncertainty. By placing either
too much or too little value on what he knows, he will make
decisions that fail to take full advantage of his state of
knowledge and may even lead to serious losses.

Above all, the educational advantage of
training people - possibly beginning in early
childhood - to assay the strengths of their own
opinions and to meet risk with judgment seems
inestimable. The usual tests and the language
habits of our culture tend to promote confusion
between certainty and belief. They encourage

kboth the vice of acting and speaking as though
we were certain when we are only fairly sure and
that of acting and speaking as though the.opinions
we do have were worthless when they are not very
strong. (Savage, p. 800)

One type of the "usual test" that may foster confusion (
between belief and certainty is the simple choice method in
which a single alternative receives a probability of 1.00
(certainty) even when the alternative is given only a slight
preference over the others. By excluding the other alterna-1
tives in the presence of uncertainty, the student learns to I
assign both, more worth and less worth to what he knows than
he should. He passeS over the value of information that
favors excluded alternatives and he gives disproportionate
value to information that supports his choice.

Applications of decision theory to testing (Shuford,
Albert Massengill, 1966) havd led to the development of
new methods of responding in which students distribute
probabilities over the range of alternatives. Besides im-
proving predict.cre %ralidity and increasing the 4mount of
information available to the teacher, decision-theoretic
tests generally require fewer items than conventional
tests. More important to this study, however, is the
capability provided by d-acision-theoretic tests for measuring
student realism, a new dimension in student achievement.
Realism is a congruence between the probability one assigns
to an event and the probability that the event will occur
given what_ one knows.

A student with a tendency to make realistic assessments
of his state of knowledge and competence knows precisely
the worth of his information and reasoning in making decisions



and solving problems. Aa a result, he recognizes his level
of mastery of a topic. He 's aware of the worth of his
judgment and aware of his lack of critical information. He
knows when his reason:ng is logically tight and when it is not.

Measuring realism is analogous to assessing the accuracy
of weather forecasting. Probabilistic predict4ons of rain
have become common in weather forecasts. If rain falls with
approximately the frequency estimated by the forecaster, he
uses his information realistically. Thus, predictions of an
80% chance of rain (p.t-.80) can be grouped into days when rain
fell and days when no rain fell. If the proportion of days
when rain fell to the total of the two groups approximates
.80, a data point can be plotted on a 45 degree line indicat-
ing perfect realism (Fig. 1). If, however, predictions of
a 50% chance of rain are associpted with a set of days in
whichthe proportion of rain days was only .30, a point
would appear below perfect realism. With enough data points,
it is possible to plot probability assignments against
relative frequency of rain and arrive at a least-squares
estimate of the forecaster's realism line. Similarly, a
student deviates from perfect realism to the degree that his
reported probabilities fail ,to match his true probabilities
as reflected by th relative' frequency with which his knowledge
allows him to ascertain the outcome of an event (e.g. the
correct solution).

'The relationship between realism and achievement is
'depicted by the in ormatioh sauarc (Fig. 2), in which the
horizontal dimensi.n is realism and the vertical dimension
is achievement. When the student's actual state of knowledge .

lies below the level at which he estimates or perceives that
knowledge, the student is overconfident, in the sense that
he overvalues what he knows. When perceived knowledge is
below actual kncAledcie, he is underconfident. To be realistic
the student must exhibit a tendency to evaluate his knowledge
at the level of actual knowledge. Note that perfect realism
is possible at any 3evel of achievement. As an interpretation
of the information square, Shitford,(1972) cites this Arabian
proverb:

He.who knows and kriv,,s tht he knows,
de is wise, follow him.'

He who knows and knows not that he knows,
He is asleep, awaken him.

1e who knows not and knows not that he knows not;
He is a fool, shun him.

He who knows not and knows that he knows not,
he is a chili, teach him.

As the ptco,crh :qiggests, one consequence of realism may
be more efficient learnrig since the student knows where to
concentrate his efforts. A tendency toward realism may have

2.
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a nuMber of other important benefits, both cognitiVe and
-affective., Therealif-tc s'...udent haS learned to make
critical- evaluations of knOV'ledge claims. tie has learned.
to apprpach pi--)hicit.L without bias. He has made- decisions
that capi,tali%c on *pis av,7:ilabre resources, neither exag-

,5erating not: depretin%, them. Under conditions of risk
and uncertainty, he manages to keep what he knows in
perspective. AS preoaration fpi living in Lhe uncertain
context outside of school, realism training may have far-
reaching significance.

1

The objective of "has study was to examine Lh9, extent
to which realism training could be effective with a group
%Df seventh grade math students. Realism training in this
'instance was a series of short but intensiVe sessions in
/mathertztical prolKer-solving, \using the computer to admin-
sister and monitor decision-theoretic-testing and tO provide
immediate feedback to the students. An effective training
program is one that results in a significant improvement IA

- realism for many of tie student6. Ac-:ording to the little
' data available, the degree of measurdd realism for junior
high students appears to be relatively stable-Over time.
These findings, however, came from unsystematic and non=:
statistical studies. It was the intent. of this research
to investilate a concentrated e)lfort to improve students'
assessment tendencies.

Procedure

The experiment was based on previous research with the
"SCoRule," a set of panels by which to translate probability
assessments Into logarithmic equivalents (Shuford, 1970) ..

For exams le, on a four-alternative item with a single correct
answer, each alternative has a .25 probability of being correct
if each -dternaLive is equally likely. The logarithmic
equivalent on the SCoRule, however, is 70. An alternative
with only .10 probability nev-rtheless has a SCoRule value

50, while the value for .50 probability is 85 and .60
probability is equivalent to b9. ln other words, the
.logarithmic transformation returns propON_ionately Large
SCoRule values for lower prohab4ity values but SCtule
values increase only slightly in the upper range of prooabillty
values.

The student assigns SCoRule values to each alternative
and receives Lhe value he has assigned to the alternative
that is correct. Because his score is a log value, the
student loses little by slightly reducing the probability
he attaches to the alteinative he prefers, but ,by slightly
increasing lower probaUility values he stands to make a
substantial SCoRule gain if one of those alternatives turns

4,



out to be correct. ne SCoRule scoring system therefore
makes it worthyhile to the student to reveal his uncertainty.

A. Subjects'

Two seenth grade classes from a suburban junior high
school participated during their regular 45-minute math
periods. One class, taught b' the department chairman, was
cons'idered higher in achievement than the other class. A total
of 54 subjects participated in the experiment but because of
absences and unexpected circumst:InceE only 49 provided
adequate data for analysis, 2(3 in the high-achie7ing class
and 23 the low-achieving class.

B - katerials

The experiment used Six forms of the mcAthematical
problem-solving sections. the Iowa Test of Basic Skills.

.Forms 1-4 were pooled and then divided into 15 levels of
difficulty on the basis of item analysis information provided
with the test. The first item at each level was assigned to
the problem set for the first training session, the second
item at each level to the problem set for the second session,
etc., until nine problem sets were prepared for nine training
sessions: Form 5 was administered as the pretest and Form 6
as the first posttest. A second posttest consisted of the
last 21 items in Form. 5, which no S had reached during the
pretest.

At the time ).f the pretest a SCoRule Procedures Test
was adninistered in order to measure ability to use the SCoRule
after pretraining (Append.x A).

C. Experimental Task

Nine training sessions were conducted in the Computer-
Assisted Instruction Laboratory at Stony Brook" during a
three-week period. At each session S used a scope-and-
keyboard computer terminal to register SCoRule values opposite
each of four alternatives for as many items as time permitted.
The' computer monitored the Input, converting the SCoRule log
values to probabilities. if the probabilities assigned to an
item did not sum to 1.00 within a tolerance of .04, the computer
rejuired the student to retype his SCoRule values.

Because ok time reauirecl for busing to and from the lab,
each session was 20-25 minutes in length. At the end of each
session the computer generated "realism graphs" like Pig. 1
with two except ions. First, the vertical axis was changed so
that an olx;erved realism lane deviating from perfect realism

5.



in the direction of overconfidence appeared With the Ii :.r'

part of the line above the peele-L realism Lulu, :;n11,

----underconfir:ence was graphed below perfect realism. This
Change made Che graph easier to interpret to Ss since Ceey
could readily see if they were overvaluing or undervaluing
their knowlelge. Second, addttional feedback appeared on
the graph: \ (1) one of the following words: "realistic, `\
"overconfident," "underconfident;" (2) the number of
problems completed; and (3) the accumulated SCoRule score
for the session. "Realistic" appeared if the deviation

.

betwedn Observed realism and perfect realism (cf. Fig 1)

was five degrees or less in either direction. The decision
to set five degrees as the tolerance range was the result of
a series of simulations on a PDP-10 analyzing a variety of
SCoRule settings. The simulation procedure, briefly, vas
to construct several 15x4 matrices, each representing 5

four-alternative items and log (SCbRule) values that yielded
an Observed realism line with a slopeof 1.00. Slight
changes in values were made until the settings indicated to
the experimenter a clear case of either overconfidence or
underconfi,dence. Departure from realism consistently
appeared when the angle between perfect and observed realism
exceeded ive degFees, or defined realism.

Though emphasis was on achieving realism, each session
provided the cumulative number of items and the cumulative
score at both the end of the session and after each item.

t The purpose was to encourage S to work rapidly on a number
of items rather than l'ngering over a single problem until
extensive calculations removed all uncertainty. S was told
to expect to be somewhat uncertain in registering decisions
butt to do as many items as possible while using what he did
know as wisely as he could. The score was designed to dis-
courage carelessness on the Part of those who worked rapidly
aS well as to provide an incentive for attempting to do all
15 items.

Ss were instructed that the preferred strategy in
attacking a problem was to sot the eCoRule to indicate no
knowledge, i.e. each alternative with .25 probability, or
SCoRule values of 70-70-70-70. values could then be raised
or lowered dep.mding on S's knowledge with regard to given
alternatives. The cumulative score -vas also designed to ,

discourage S fru), simply leaying the SCoRule at the no-nowledge
level, thereby showing excessive caution.

When a/graph appeared at the conclusion of a session,
the experimenter attempted to interpret the results with
comments such-as, "'Overconfident' means that you are placing
too many points on what you consider the best alternative,"
"Undeleontident' means that you need to give more points to
the alternative you think is best," "'Realistic' means that
you are giving juft about Che right amount of value or your
SCoRule to each alternative." Suggestions were sometimes
made to "spread out points" (overconfidence) or to "lump
points" (underconfidence).
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Lhe stoitule might also influence
the effectiveness of realism trainincs another index was
computed us;n:, 'h

Test" deveLipeu by Z4,,xportmeei tAvpendix
bet ,.::(.en this. fam:linrity index and the number done, the math

r( lung .1.0, .26, and .24.

The mean number ef ,ten's completed oni\the proWst ':as
20.6. Tne In: an st score 7'. U. if S a:Jove
the mean in both .rases, he or she was assigned to the high-
achievr/h'4h-SCeR:ilc fa jilartty -0.ocK. Those bplovi the
mean w ,, c-onsi.:.trec low, t In athievement levol or

fcimif or both. Within the four blocks Lhat
\ben.: f-ormd, z;z7 d!.,;o b:ockd by class and by sex.
Those in .thc 1-;;,-,n Class (c;.Ills tt and (2 in Figure 3) were
randomly assIgre.l to t.:ne of the two individual study treat-
mrnt, wLth th..? numher o' males in each cell kept ecp.lal.
Similarly 1,-4 class Ss were randomly ass, geed to cells B and
F. Figure 3 sho:.s cell Ns, sex composition, and mean scores
on blocking cos for ,he full 2x3 design. Analysis of
variancf_ dis.clo:.ea that the treatments did not differ on the
ach7ev,tmen'=.171,1.x (F,1.26), nox did the cells ditfer on
either CAT 1,ath applic).;_ions scores (F=.56) or reading scores
(F=.19). A.n,ilysis of the SCoRtil faaitliarity index revealed
core varzability ;F=3.84, p .05), although individual study
trez..tments mere s.m:,1a! (F,.31).

III. '(esults

Pretest-PosttesL Coroart,rw

Mc majo: dependen!. var. iLle was the degree of the angle
between obs.(,r,-d -catisr, t.,eifect. realism. Observed
realism -ya described in Appendix
B. Table 1 ere,..nt f_lc mean an:;10 of deviation for each
treat:men_ gritip f)c the tJtai sample on the pretest and
the two Tlc Lssentially no difference
between pr:.t and pc,:ts1 ')ehai.oi except for Group 3 OA
the secor) '2!.ouri:' the c,erall mean and the means
for Groups i ..(1(7 7 ::hc- a 31yht_ gain in realism on Po!..ttest 1,
the WlIco:r.,n stgnd-ranvs fol. two matched samples failed
to d'7ciose iican;:o .11, and 1.17 respectively) .

\

While the q'igni'ud- c realism gain on the first post-
test ts small, the 63rection of the change: in standard
deviation.: is ccmsi:,tently f_oward improY,Aent. Even the
second poettesf, eombined student tams with harder
problems and showed a shaJp loss in realipo, indicated that
variability decloased fel:lowing training.,

An estir Late of the proportion r'orreLt can be obtained
by eon.:.A.d-xin,., the mot-A.. hijhly /aLued alternative as the
single response S would have made under classical testing
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1ab1e 1

Mean Angle of Deviation from. Perfect
Realism on Pretest and Posttests
By Treatment Groups in Degrees

(Standard Deviation in Parentheses)

First Realism Second
Realism

Gain/Loss
Treatment Pretest Posttest Gain /Cross Posttest over Pretest

Group 1. 14.9 11.1 43.8 17.4
,(individual study
without graph)

(11.0) ( 7.2) ( +3.8)' ( 6.2) . (+4.8)

N=15

Group 2 14.4 10.8 +3.6 18.1 -3.7
(individual study
with graph)

( 9.9) ( 9.1) (+ .8) ( (+2.2)

N=18

**
Group 3 10.6 12.2 -1.6 22.2 -11.6

(team study
with graph)

(12.6) ( 9.4) (+3.2) ( 9.6) (+3.0)

N=16

**
Total Sample 13.3 11.3 +2.0 19.3 -6.0

N=49 (11.3) ( 9.7) (+2.6) ( 8.3) (+3.0)

**
p 4.01, Wilcoxen signed-ranks test.

10.
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conditions, i.e. the choice method. In'the case of tied
values, one ls pickEA at random in order to estimate S's
response. Table 2 e.reals that the pretest and first
posttest wen: of comparable diCficulty but the second
posttest was considerably harder. Variability decreased
on the prsttusts as it did with respect to the realism
angle.

,EStimates of proportion correct confirmed the teachers'
judgmpnt that the two classes.differed in achievement level.
The lbw. class remained at least 15 points behind the high
class hut showed a modest relative gain (Table 3).

What gain in realism that 'did occur on the. first
ooatteSt came primarily from the low-achieving class, as
shown An Table 4. Although the gain of 4.2\degrees was not
statiatically significant (z=z.70), the overall pattern
indicates that the low class tended to respond more favorably
to realism training than did the high class. Ihe pattern also
appears when the classes are compared accordin4\to the

N\
proportion in each class whose observed realism 'Iine fell
within five degrees of the perfect realism -line, ..e. the
proportion who were "realistic" within the range of tolerance
used in the experiment (defined realism). In the high class
the proportion was the same for both the pretest and the first
posttest, while the proportion in the low class more than
doubled (Table 5).

The proportion who attained defined realism increased
the most for the group working individually and receiving
the realism graph (Table 6). TeaM study with the graph,
however, was associated with a decrease. Substantial posttest
gain really occurred in only one cell in the original design:
low achie ,ers under individual study with the graph (treat-
ment 2). Table 7 presents the distribution of Ss on the
pretest and first posttest in the three categories that were
used for feedbac with the realism graph. While the number
achieving defined realism is ELable from pretest to posttest
for five of the six cells, und....rcnfident and overconfident
students move sharply towari yeilism in the low-class-graph
feedback group.

N

Traininq Sesion Trend:

ke:iliE:m and dil'ficult. Estimates of realism during
the C.A.I. sessions arc based on fewer units of analysis
because of.t-io major factors: absenteeism and the fact that
Group 3 shared terminals. In general, Ss showed less
realistic behavior during the nine sessions than on the pre-
test ana the first posttest, but mean fluctuations remained
within the range of realism bounded\by the means of the two

13.
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Table 2

Mean Estimated Proportion Correct
On Pretest and Posttests

By Treatment Groups
(Standard Deviations in Parentheses)

First
Treatment Pretest Posttest

Second
Posttest

Group 1 .62 .61 .48
(Individual study
without graph)

(.18) (.13) (.11)

(N=15)

Group 2 .55 .60 .52
(Individual study
with graph)

(.21) (.17) (.11)

(N=18)

Group 3 .66 .65 .46
(Team study
with graph)

(.21) (.16) (.12).

(N=16)

Total Sample .61 .62 .49
(N=49) (.20) (.16) (.11)

Table 3

Mean Estimated Proportion Correct
on Pretest and Posttests

By Classes
(Standard Deviation in Parentheses)

Class Pretest
First

Posttest
second

Posttest

High .70 .69 .56
(N=26) (.15) (.13) (.08)

Low .50 .54 .39
(N=23) (.20) (.15,) (.00)

Total Sample .61 .62 .49
(N=49) (.20) (.16) (.11)

12.
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Table 4

Mean Angle of Deviation from Perfect
Realism on Pretest and Posttests

By Classes in Degrees
(Standard Deviation in Parentheses)

First Realism Second
Realism

Gain/Loss
Class Pretest Posttest Gain/Loss Posttest over Pretest

High 9.2 9.1 + .1 16.2 . -7.0
**

(N=26) (7.5) (5.9)
- ("9-6) ( 4.4) (+3.1)

0 .

Low 18.0 13.8 +4.2 23.5 -5.5
(N=23) (13.0) (10.5) (+2.5) (10.3) (+2.7)

**
Total Sample 13.3 11.3 +2.0 19.3 -6.0
(N=49) (11.3) ( 8.7) (+2.6) ( 8.3) (+3.0)

**
p 4 .01, Wilcoxen signed-ranks test

Table, 5

Proportion Attaining Defined RealisM
(Within 5 Degrees of Perfect Realism)

Class

By Classes

Pretest Posttest

.,
-

4...

Second
Posttest

High
(N=26)

!ow
(N=23)

Total. Sample

..35

.13

.25

.35

.30

.33

...

.00
1"-

'. 00

.00
(N=49)

13.



Table 6

Px=oportion Attaining Defined Realism
(Within 5 Degrees of Perfect Realism)

By Treatment Groups

Treatment Pretest
First

Posttest
Second

Posttest

Group 1
(individual study
without graph) '
(N=15)

.13 .20 ' .00

Group 2
(individual study
with graph)
(N=18

.11 .39 .00

Group 3
(team study
with graph)
(N=16)

.50 .38 .00

Total Sample .33 .00
(N=49)

14.



a

Table 7.

Distribution in Three Categories of Observed Realism
By 'treatment Groups within Classes

on Pretet and First Posttest

Treatment
Group N

Pretest

Over-
conf.

Under
.. conf.

First Posttest

Over
conf.

Under-
conf.

.

Realistic* Realistic*

1 . 7 1 1 5 0 2 5

High 2 9 0 .2 7 0 2 7

Class

C.

.

3 10 0 6 4
.

0 5 5

All 26 1 9 16 0 9 17

1 8 1 1 6 1 5

Low
2 9 2 0 7 1 5 3

Class3 6 0 2 4 0- 1 5

All 23 3 3 17 , 3 7 13

Total Sample 49 4 12' 33 3 16 30

*observed realism within live degrees of perfect realism

15.



posttests (Figure 4). Both the smaller sample sizes and the
small number of items per session may be responsible for much
of the fluctuations through measurement error (see Appendix
C for session data and ror Lhe number of items completed
during both tests and sessions).

Fluctuations, however, do follow a consistent pattern
if they are viewed in connection with-2h difficulty of the
items. The estimated proportion correct across all Ss also
fluctuates within the range bounded by the means of the two
posttests (Figure 5). Realism and difficulty, however,
fluctuate in opposite directions, as shown by Figure 6.
Increased difficulty is associated with less realism.

Most of the fluctuation occurred in the low class, which
was consistently less realistic than the high class (Figure 7).
Though the high class showed a slight tendency toward greater
realism, its performance was generally stable. Both classes
exhibited variation from session to session in the estimated
proportion correct (Figure 8). The low class consistently
scored below the high group and pe'rformed less stably.
Neither class scored especially high; even the high class
found the tests. and sessions difficult. The strong re-
lationship between realism and difficulty is apparent in
Figure 9, which shows that for the low class item difficulty
and realism angle were nearly mirror images. When the
randomly selected set of training items was relatively
difficult, Ss were relatively unrealistic, but realism over
a session improved when items were less difficult.

The comparison of the performance of the three treatment
groups during training sessions is complicated by the small
N'in Group 3 that resulted from sharing terminals. Group 1
(individual study without the graph) exhibited the most
realistic behavior until midway through the-rixperiment, when
Group 3 (team study with the graph) tool-. thelead (Figure 10).
These two'groups, however, also tended to find the items
less difficult (Figure 11). The realism and difficulty
curves of Group 2 are another case of a near mirror image
(Figure 12).

The effect of difficulty on realLsnl was also examined'
by comparing easy and hard items that appeared during training.
Because of random presentation within the problem set for
each session, it was possible to divide each set into comparable
subsets: items from the easiest seven levels and items from
the hardest seven levels. While in a few instances S did not
encounter items from one of the subsets, the number of Ss and
the mean number of items actually presented were approximately
equal for the two subsets on a given training session (see
Appendix D): The wean realism angles, however, were highly
divergent for the two sunsets (Figure 12). Except for the
third session, deviation from realism was consistently
greater for harder items than for easier items.

16.
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Realism gains. Despite wide variations in performance
from session to session, Figures 4, 7,. and 10 all suggest a,
developing tendency toward improved realism. The overall
standard deviation on the first posttest was smaller than on
the pretest, with the mean angle of Session 9 at the same level
as the posttest (Figure 4). The two classes were closer in
realism performance by the time oC the first posttest (Figure
7), and treatment. groups tended to converge over the training
sessions (Figure 10).

Although the larger variability and generally larger
realism angles in the early sessions may suggest that Ss
were less familiar with the SCoRule than later in the exper-
iment, the proportion of Ss having realism angles within five
degrees of perfect realism was actually largest in the first
session (Figure 14). Moreover, the proportion was relatively
constant except for sessions 6 and 8. When the proportion is
examined by classes, the curve for the low class tends to
rise, but the curve for the high class tends to fall (Figure
15). While the two classes finished with a similar proportion
attaining defined realism, it was because the low class gained.

The three treatment groups differed widely in,the propor-
tion attaining defined realism (Figure 16). The two, individual
study groups tended to move in opposite directions, the one
without the graph having a higher proportion in the early
sessions and the one with the graph performing more realis-
tically in later sessions and on the first posttest. The
curves of these two groups bear similarities with those of
the high and low classes, especially with respect to the
crossover that occurred midway through the experiment.
Figure 17 breaks apart the curves for' the individual study
treatment groups in order to compare/high and low class
proportions in these treatments. Except for the sharp jump
on the first posttest (no S was "realistic" on the second
posttest), the low group with the graph exhibited little
variability but upward spurts began to appear after the first
few training sessions. Thy spurts resembled the more, pronounced
variation in the high group'with the graph, which also appeared
late in training.

The four groups of Figure 17 appear in Figure 18, to show
that the pattern toward realism is not so apparent when the
mean angle of deviation from perfect realism is considered.
Some relative gain in realism for graph groups over no-graph
groups is suggested by the downward slope of the high graph
group and the catch-up pattern of the low graph group, but
angle of deviation was not as indicative of improvement as
proportion attaining defined realism.

Overconfidence

The direction of deviation from realism was almost

22-
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uniformly toward overconfidence throughout the experiment
(Table 8). Of thooewith unrealistic behavior, only four
tended toward underconfidenco on the pretest, only three
on the first posttest and only two on the second posttest.
The proportions during training sessions were approximately
the same as on the tests. The sample showed a strong tendency
to overvalue' information, i.e. to assign Loo much weight to
what was mistakenly believed to be the correct alternative.
Deviation from realism was especially strong on the second
posttest, nearly all of it toward overconfidence.

The bulk of those who were underconfident during the
experiment were in the 'low class (:Table 9). Of the three
treatments the individual study group with the graph tended
to do the most undervaluing of information (Table 10). The
least undervaluing occurred in the team study group, in
which all lack of realism was in the direction of overconfidence.
Team testing (posttest 2) was also marked by little undervaluing
despite the strong deviation from realism.

In general, few Ss were consistently able to refrain from
temptations to mass their probabilities on the wrong response.
The overall pattern indicates that Ss commonly placed more -
value on their knowledge and their reasoning than their
performance justified. Since lack of realism was nearly
always in the direction of overconfidence, both realism and
overconfidence appear to be sensitive to problem difficulty.
Overconfidence increased along with difficulty in nearly all
cases.

One exception is the tendency of the low class to have a
higher prciportion of underconfident Ss than the high class,
even though the high class found the problems less difficult.
A similar exception is the contrast between treatment groups:
the group which had the most difficulty with the items
(individual study with graph) had the highest proportion of
underconfident Ss. These exceptions suggest that underconfid-
ence and overconfidence %ere both sensitive to problem difficulty
but the higher the level of achievement the more likely S
deviated from realism in the direction of overconfidence.

Another factor cohtributing to overconfidence appeared to
be team discussion. Without exception, any team that deviated
from realism during training sessions exhibited overconfidence.
No team member in Group 3 showed underconfidence on any of the
tests, and only two Ss from the entire sample undervalued
information on the teamed posttest.

IV. Discussion

Although evidence from this experiment fails to confirm
the general effectiveness of realism training in modifying
assessment tendencies, the study produced several findings
about assessment tendencies of the seventh graders who

26.
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Table 8.

Number of Ss in Three Categories of Observed Realism
/

(Total Sample)

Underconfident Realistic* Overconfident

Pretest 4 12 33

Session
1 2 11 17

2 4 7 15

3 2 10. 22

4 2 9 20

5 0 10 24

6 2 6 25

7 0 7 20
..

8 1 2 22

9 3 10 18

Posttest 1 3 1C 30

Posttest 2 2 0 40

*realism angle within 5 degrees of perfect realism
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Table 9.
.

Number of Ss in Three Categories of Observed Realism
By Class

Underconfident
High Low

"Realistic".*
High Low

Overconfident'
High Low

Pretest 1 1 3 9 3 16 17

Session
1 1 7 4 8 9

2 1
/

3 4; 3 9' 7

3 1 1 5 5 11 11

4 0 2 5 4 12 8
/

5 0 0 6 4 12 .12

6 0 2 3 3 12 13

7 0 0 2 5 8 12

8 0 1 0 2 14 8

9 0 3 5 5 10 8

Posttest 1 0 3 9 7 17 13

40
Posttest 2 0 2 0 0 24 16

*observed realism within 5 degrees of perfect realism
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Table 10.
Number of Ss in Three Categoties of Observed Realism

By Treatment Groups

Underconfident "Realistic" Overconfident
1** 2 3*** 1 2 3 1 2 3

Pretest 2 2 0 2 2 '8 11 14 8

Session

1 0 2 0 7 3 1 5 9 3

2 1 3 0 4 3 0 7 6 2

3 0 2 0 6 3 1 9 12 .3

4 1 1 0 5 3 1 7 11 4

5 ': 0 0 0 4 5 1 11 9 4

6 0 2 0 2 2 2 12 10 3

7 0 0 0 2 5 0 8 7' 5

8 0 1 0 1 1 0 9 / 8 5

9 2 1 0 4 3 3 7 9 2

Posttest 1 2 1 0 3 7 6 10 11 10

Posttest 2 1 1 0 . 0 0 0 13 12 15

*observed realism within 5 degrees of perfect realism
**1=individual study, no graph; 2=individual study,

graph; 3=team study, graph'
***The unit of analysis for Group 3 during sessions is the team.
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participated in the experiment. In addition, the data In-
dicated that realism training was more,effective for low
achieving students, and a pattern emerged among low achievers
favoring individual study with 1 realism graph as feedback
over no graph or team study. In view of the circumstances of
the experiment, these findings suggest that a more extensive
training program is needed before drawing the conclusion that
realism cannot be substantially modified.

Earlier work of*an unsystematic nature has indicated
that assessment tendencies of junior high students appear to
be stable over time and may not respond to training. In this
study, the proportion of students whose observed realism was
within five degrees of perfect realism increased from pretest
to the first posttest by only 8%. However, every sub-grouping
of the sample showed a decrease in the standard deviatio9 of
the major dependent variable (angle of deviation from perfect
realism). Certain groups, such as the low-achieving class and
the individual-study treatments, responded more favorably to
training than other groups. In some cases, notably individual
study with the realism graph as feedback, a distinct trend
toward realism occurred over the training sessions.

Student Characteristics

The effect of training was nct as evident from this study
as several characteristics of students' assessment tendencies.
First, the tendencies of some students were much more stable
than those of others. The low class in particular fluctuated
widely in marked contrast to the steady behavior of the high
class. Second and most prominent in the findings, students
were characteristically overconfident in their use of infor-
mation. The slope of observed realism nearly always fell
below perfect realism when the angle of deviation exceeded
five degrees. The tendency to place more value on an alterna-
tive than one's information about that alternative is actually
worth appears to be relatively constant in the data. Despite
increased opportunities to use the SCoRule and gain more
familiarity with the process of assessing subjective proba-
bilities, students overvalued information toward the end of
the experiment in about the same way they did at the begin-
ning whenever they were not being realistic.

Third, students became less realistic as problems became
more difficult. The wide fluctuations in observed realism
that occurred in some of the data are regularly related to
changes in difficulty level. The relationship, however, does
not appear to be linear because the size of the fluctuations
was much greater when problems were especially difficult
(e.g. the low class) than when difficulty was reduced (e.g.
the high class).
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Fourth, the data suggests that difficulty level may be
related to overconfidence. In groups.for which problems were
relatively less difficult, nearly all students who failed to
achieve defined realism exhibited overconfidence, while most
of those few who were underconfident were in groups that had
relatively more difficulty with the problems.

Finally, overconfidence may also be related to team
discussion. The absence of underconfidence in the team study
group and the nearly unanimous expression of overconfidence
on the team posttest may indicate that the dynamics of group
interaction promote a tendency to ignore the limitations of
one's information. The group, for example, may function to
diert an individual from recognizing what he knows by subtly
undermining his respect for his own judgment or by introducing
extraneous personality factors into the decision-making pro-
cess. The practice of assigning students to congenial team
groupings may have contributed to a tendency to adopt the
position of peers despite misgivings.

It should be noted that the overconfidence so character-
istic of this sample is not to be confused with an exaggerated
sense of self-worth or an emotional state. Overconfidence, as
Figure 2 indicates, is a cognitive construct dealing with use
of information. It may be that affective characteristics play
a major role in how information is assessed, but the primary
meaning of overconfidence should be interpreted in the context
of decision theory (de Finetti, 1937; Raiffa, 1968; Ramsey,
1931; Savage, 1954). It is when a student attaches value to
his knowledge and reasoning about a problem in excess of the
value his knowledge and reasoning are really worth that he
becomes overconfident. It as altogether possible that a
student has a weak self-concept or appears unsure of himself
while his observed realism indicates overconfidence, since the
distortion reflected in his deviation from realism is oriented
toward information rather than toward interpersonal relations.

At the same time it must be noted that a relationship
between overconfidence and personality characteristics is a
least suggested by the data. Risk-taking tendencies and peer
interaction are both important ingredients in decision theory,
especially in relation to group problem-solving. If difficulty
increases to a point at which the individual feels personally
threatened, information distortion is likely to be in part a
function of self-esteem. Whether he will express overconfidence
is problematic, however, because individuals differ. Some
react more cautiously as difficulty-mounts,. e.g. the under-
confident students in the low class. Others become overconfident,
refusing to acknowledge that they know less than they did on the
easier problems. Self-concept may interact with assessment
tendencies even more when interpersonal relations are part of
the dedision process. Members with weak self-concepts may
acquiesce while their partners interpret acquiescence as a

31-



signal to weight suggestions more strongly than they should.
Information use is distinct from affective characteristics
but probably closely related:

Realism Training

Besides the general reduction in the standard deviation
'of information distortion (angle of deviation from perfect
realism), the data supports a tentative conclusion that
realism training has beneficial effects in some instances
despite the lack of dramatic gains overall. The low class /

made steady gains in the proportion of students who were able
to achieve observed realism within five degrees of perfect
rbalsm. In later training sessions, this class even sur-
passed the high class, and on the first posttest showed a
gain while the high class proportion remained at the pretest
level (Figure 15).

The source of this gain within the low clasS came ex-
clusively from thi second treatment group, in which individual
study was combined with the realism graph. The sharp increase
is even more striking in view of the lack of gain in the other
five cells of Table 7. Although neither the proportion attain-
ing defined realism nor the angle of deviation firm perfect
realism indicated dramatic progress during the training sessions,
the graph group receiving individual study in the low class did

iappear to make spurts in the direction of improvement
('Figures 17 and 18).

Realism gain may require a combination of feedback about
realism and high problem difficulty. The apparently strong
relationship between difficulty and realism may mean that
students are more likely to discover their long-established
tendencies to distort the value of information when they
confront: a high level of uncertainty than when they have to
deal with uncertainty that is only moderate. The discovery,
moreover, may require explicit feedback about their tendencies
in order to establish an intuitive awareness of the subject -
ive responses that contribute to realistic behavior.

If explicit feedback is important to attaining realism,
it may seem strange that the angle of deviation from perfect
realism fails to distingui sharply between the two individual
study groups in the low class. It should be remembered, however,
that explicit feedback was given only with respect to observed
realism within five degrees of perfect realism. The proportion
attaining defined realism is then the best index of the effect-
iveness of explicit feedback, and the data do support the use
of a realism graph foz students having relative difficulty with
the problems.

While the lack of overall gains may be related to inap-
propriate difficulty levels or the absence of explicit feedback
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in some cells of the design, a more likely explanation is the
brevity of the training. The modification of long-established
tendencies probably reauires a period of months. It is
possible that something of the effect of a longer period may
be achieved in just three weeks if the training is concentrated,
but the evidence of this study indicates that nine 20-25
minute sessions-are not enough. In fact, it is surprising;
that an average of 7-8 items per session provided enough
training to be associated with any change in observed realism,
e.g. the reduced standard deviations and the modest gain in
the number attaining defined realism.

Time constraints also weakened the effect of the realism
graph, because some students were.not able to stay 1png enough
at the end of a session to view their graphs. The rush to
board the bus tended to interfere with the process of receiv-
ing explicit feedback both in terms of viewing the graph and
listening to experimenter interpretations of the graph. With
full and frequent exposure to realism graphs over several
months, students may be able to develop assessment strategies
that substantially alter established tendencies.

Contrary to expectations, team problem-solving did not
appear to support realism training. Especially when working
with relatively difficult problems (second posttest), students
found realism hard to achieve while interacting with their
peers. One of the questions raised by this experiment is why
team study is so closely associated with overconfidence.

Even without team study, however, seventh graders
clearly tend to exaggerate the value of their information.
This key finding agrees with Savage's observation, quoted
earlier, that our culture, especially ,our schooling, encourag
us to confuse belief with certainty. Though we have no assur-
ance that realism can be taught, it would seem that programs
for realism training merit further study.
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APPENDIX A.

SCoRule Procedures Test*

NAME TEACHER

A C

a. 76 76 60 60

b. 70 70 70 70

c. 95 66 0 0

d. 100 0 0 0

e. 95 43 43 43

F. 85 85 0 0

Which of the above SCoRule settings would be best If...

1. you are sure that A is the correct choice. (Really sure!)

c 2. you are almost sure that A is correct but B might

be correct. (You know that C and D are wrong.)

a 3. you are not sure which choice is correct but you

have reason to think that A or B are more likely

to be correct than C or D.

b 4. you have no knowledge to help you make a choice.

5. you arc almost sure that A is correct but if it

isn't you have no idea which of the others is.

b 6. you will just have to guess.

(Write a little Letter in each of the blanks.)

*Scoring: 2 points per question, 1 point for "f" on question 3.
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APPENDiX B.

CemputatLonal Procedures for
Calculating Realism during

Trajning Sessions*

1. Student's responses = S(X) = S(A), S(B), S(C), S(D)**

a. Each X i s a one to three digit number ( 04 X 4100)
which inputnput separately.

b. Each X is a SCoRule value (log score).
c. Order, of input proceeds from first value (A) thru

last;value (D).

2. Transformation froth log score, S(X), to probability, p(X).

a. ,o<<(X) 1.00
b. 13(7)

p
= ar i log (S(X) - 100)

50

3. Validity check on responses.

a. 11.00 - p (X)V,LN

b. d = .04***

4. Preparing student's response, p(X),.for curve fitting.

I.

1 - p(X) if X is correct answer
a. d(X) = - p(X) if X is incorrect answer

b. PD = p(X) d(X)

c. p2 a :fit p(X)2

**d. ai = number of possible answer to ith item = 4

5. Accumulating response data over items

a. K = number of items answered in the session

r.
b. PD and p

2 are sums accumulated item
1 . i-1

by item, PD = PD + PD; is computed at the
1

end of item i.

k
**c. a = K * 4

1 1
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B-2

6. Curve fitting at end of session

L
K

ai

= .25
**a. -

IF
DP

b. slope b - xa
-

7. Category assignment for feedback.

a. A slopeof .82 is five degrees below b=1.00.,

b. A slope of 1.20 is five degrees above b=1.00.

c. "Rezlistic" if .82 4 b 1.20.

d. '!Overconfident" if b 4 .82.

e. "Underconfident" if b > 1.20.

*Computational procedures for DEC-TEST, which was used to
analyze the data, are presented in Brennan (1973).

**Only four alternative items were used in this experiment.

***This toler;4ce level was arbitrary; it should not be
confused witl the range of.tolerance for defined
realism (7 4bove).
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APPENDIX C.

Summary Data for Tests
And Training Sessions

NOTE: Unless otherwise indicated, the standard
deviation is shown below the mean, and
the number of Ss and mean number of items
are hyphenated on the line below the
standard deviation.

Example: 8.32 (Z)

6.51 (sd)

13 - 7.2 (N -K)
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C-1 Cell Means for Angles of Deviation of Observed Realism from

Perfect Realism.

r
Pretest*

Low Class
Treatment Group

1 2

18.47 19.05
12.93 9.05
8-18.8 9-19.0

15.76
17.14
6-22.3

High -Class
Treatment Group

1 2 3

10.84 9.67 7.54
6.26 8.48 7.10
7-21.6 9-18.9 10-23.1

TOTAL
SAMPLE

13.31
11.34
49-20.6.

1

Sessions

1 10.98 30.11 42.37 4.00 20.34 7.55 17.77

13.45 . 27.43 16.18 5.65' 21.27 7.47 ,21.48

6-5.5 6-5.7 2-8.5 6-4.8 8-5.6 2-6.0 30-5.7

2 15.24 21.23 15.76 8.46 20.72 15.77 15.54 .

18.58 20.84 .00 6.85 17.15 .00 17.59

6-8.0 6-7.3 1-4.0 6-6.3 6-5.2 1-5.0 26-6.5

3 13.27 27.30 3.80 7.84 16.63 19.74 15.65

10.98 20.30 1.37 8.60 13.71 .01 14.97

8-8.8 7-6.4 2-9.5 7-5.0 8-5.8 2-6.0 34-6./

4 10.14 12.77 9.13 9.35 9.30 15.31 10.72

11.70 10.51 2.07 7.87 5.41 11.12 9.20

6-8.7 6-6.2 2-6.0 7-4.6 7-4.9 3-7.0 31-6.1

5 21.10 35.00 13.60 11.62 11.89 7.93 17.83

18.73 32.18 2.16 11.38 9.66 5.77 19.94

8-10.1 6-7.5 2-8.5 7-8.1 8-7.4 3-11.0 34-8.6

6 21.70 21.21 10.36 11.40 6.75 14.44 15.77

22.75 18.34 10.34 4.88 3.12 8.31 15.96

7-8.7 9-7.9 2-5.5 7-9.6 5-8.6 3-9.0 33-8.5

7 19.94 24.68 18.98 12.76 7.59 12.25 18.16

21.09 27.39 10.46 6.39 10.57 3.95 20.32

6-6.2 9-6.4 2-7.0 4-9.0 3-9.0 3-10.0 27-7.5

8 32.50 26.97 25.16 9.17 13.65 14.01 19.22

23.99 26.51 13.96 3.42 3.47 1.38 18.18
4-6.3 5-6.2 2-6.5 6-10.5 5-9.4 3-8.3 25-8.2

9 7.52 22.59 .65 9.00 7.71 12.85 11.85
5.14 22.36 .64 7.41 6.39 9.55 14.43
6-7.7 8-7.5 2-5.0 7-9.1 5-9.6 3-8.7 31-8.2

Posttests

1 13.57 11.41 17.83 8.22 10.13 8.89 11.34
8.11 11.52 10.48 4.51 5.73 6.66 8.68

8-32.1 9-27.6 6-34.3 7-36.4 9-29.3 10-32.7 49-31.$

2 18.69 26.11 26.98 16.06 13.04 19.04 19.32
8.09 5.05 13.17 2.81 3.92 3.86 8.33

1 7-20.0 5-15.8 6-19.8 7-17.4 8-18.9 9-20.3 42-18.9

* About five minutes of the 45 minute class period was spent completing
the SCoRules Procedures Test.
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C-2. Marginal Means for Angles of Deviation of
Observed Realism from Perfect Realism

Class Treatment Group TOTAL
Low High 1 2 3 SAMPLE

Pretest* 17.99 9.17
12.98 7.53
23-19.8 26-21.2

Sessions

. 1 23.67 12.61
23.96 17.50
14-6.0 16-5.4

2 18.04 13.03
19.20 15.42
13-7.4 13-5.7

3 17.93 13.37
17.22 11.89
17-7.9 17-5.5

11.12 10.38
10.43 8.04
14-7.2 17-5.1

5 25.38 11.12
25.01 9.97
16-8.9 18-8.3

6 20.20 10.46
19.84 6.03
18-7.9 15-9.1

7 22.34 11.06
23.94 7.73
11-6.4 10-9.3

8 28.65 11.81
23.94 3.87
11-6.3 14-9.6

9 14.20 9.34
18.30 7.80
16-7.3 15-9.2

Posttests

1 13.84 9.14
10.48 5.88
23-30.9 26-32.5

.2 23.52 16.17
10.26 4.40
18-18.8 24-19.0

14.91 14.36 10.62
11.04 9.94 12.55
15-20.1 18-18.9 16-22.8

7.49 24.52 24.96
10.89 24.59 21.49
12-5.2 14-5.6 4-7.3

11.85 19.19 15.77
14.41 20.88 .01
12-7.2 12-6.3 2-4.5

10.73 21.61 11.77
10.30 17.91 8.03
15-70 15-6.7 4-7.8

9.71 10.90 12.84
9.83 8.35 9.23

13-6.5 13-5.5 5-6.6.

16.68 21.80 10.20
16.43 25.06 5.44
15-9:2 14-7.4 5-10.0

16.55 16.05 12.81
17.24 16.36 9.39
14-9.1 14-8.1 5-7.6

17.07 20.41 14.94
17.20 25.40 8.00
10-7.3 12-7.1 '5-8.8

18.50 20.31 8.47
19.10 20.04 10.43
10-8.8 10.77.8 5-7.6

8.32 16.86 7.97
6.51 19.38 9.52

13-8.5 13-8.3 5-7.2

11.08 10.77 12.24
7.19 9.13 9.36
15-34.1 18-28.4 16-33.3

17.37 18.07 22.22
6.20 7.73 9.67

14-18.7 13-17.7 15-20.1

13.31
11.34
49-20.6

17.77
21.48

. 30-5.7

15,54
17.59
26-6.5

15.65
14.97
34-6.7

10.72
9.20

31-6.1

17.83
19.94
34-8.6

15.77
15.96
33-8.5

10.16
20.32
27-7.5

19.22
18.18
25-8.2

11.85
14.43
31-8.2

11.34
8.68

49-31.8

19.32
8.33

42-18.9

*About five minutes of the 45-minute class period was spent completing
the SCoRule Procedures Test.
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C-3 Cell Means and Standard Deviations for
Estimated Proportion Correct*

Low Class High Class
Treatment Group Treatment Group TOTAL

1 2 3 1 2 3

Pretest .53 .46 .53 .73 .64 .74 .61

.18 .19 .22 .07 .18 .15 .20

Sessions

.54 .39 .26 .73 .49

.,

.46 .511
.16 .22 .09 .14 .28 .11 .24

2 .57 .61 . .56 .73 .54 .50 .61

.22 .31 .00 1 .25 .00 .24

3 .44 .41 .79 .66 .49 .55 .52

.16 .18 .09 .14 .22 .05 .20

4 .55 .53 .70 .69 .58 .61 .60

.17 .08 .05 .16 .26 .21 .19

5 .41 .37 .55 .68 .50 .67 .51

.17 .19 .02 .14 .08 .20

6 .46 .68. .69 .70 .65 .59

.19 .20 .18 .10 .12 .13'. .19

7 .42 .45 .41 .63 .60 .64 .51'

.15- .27 .16 .11 .23 .05 .22

8 .33 .43 .45 .71 .57 .64 .54

.28. .31 .13 .11 .14 .04 .23

9 .54 .44 .85 .72 .58 .70 .60

.21 .21 . .15 .18 .17 . .14 .23

Posttests

.53 .56 .52 .70 .64 .72 .621

.12 .18 .14 .07 .16 .13 .16

2 .42 .41 .35 .55 .59 .54 .49

.09 .05 .06 .08 .08 .07 .11

* See Appendix C-1 for N and ic in each cell.
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Low

C-4

Class

MLryinal Means and Standard Deviations
for E timated Proportion Correct*

Treatment Group

High 1 2 3

TOTAL

SAMPLE

Pretest .50 .70 62 .55 .66 .61
.20 .15 . 8 .21 .20 .20

Sessions

.44 .57 .64 .45 .36 .511

.21 .25 .18 .26 .14 .24

2 .59 .63 .65 .57 .53 .61
.26 .21 .19 .28 .03 .24

3 .47 .57 .54 .45 .67 .52
.20 .19 .19 .21 .14 .20

4 .56 -.63 .62 .56 .65 .60
.14 .22 .1.8 .20 .17 .19

5. .41 .60 .54 .45 .62 .51
.18 .23 .18 .09 .20

6 .51 .68 .57 .58 .66 .59
.20 .11 .19 .19 .15 .19

7 .45 . .63 .53 .49 .55 .51
.23. .14 .16 .27 .16 .22

8 .40 .65 .56 .50 .57 .54
.26 .13 .25 .25 .13 .23

9 .53 .67 .76 .64 .60 .60
.24 .18 .16 .21 .73 .23

Posttests

.54 .69 .61 .60 .65 .621

.15 .13 .13 .17 .16 .16

2 .39 .56 .48 .52 .46 .49
.08 .08 .11 .11 .12

* See Appendix C-2 for N and K information.
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C-5. Cell Means and Standard Deviations for Mean Log
Scores (Average SCoRule Value for Correct Alternatives)*

Low Class High Class TOTAL
Treatment Group Treatment Group SAMPLE

1 2 3 1 2 3

Pretest 70.06 71.23 73.92 78.02 75,68 80.76 75.10
9.58 7.33 8.74 3.64 10.44 11.63 9.93

Sessions

1 75.49 58.13 63.17 83.54 64.10 76.73 69.85
e.lo 17.48 1.17 9.95 22.58 6.12 17.86
.0** .5 .0 .7 .5 .5 .4

2 73.98 77.58 67.50 80.62 70.05 68.00 74.96
13.11 13.13 .00 11.70 11.88 .00 12.74
1.2 1.0 .0 .3 1.5 .0 .9

3 70.72 71.68 85.12 79.74 68.54 61.43 72.56
8.59 5.63 2.39 11.11 17.91 1.43 12.54
1.1 .7 1.0 .0 .6 .0 .6

4 80.14 71.85 77.71 77.08 77.13 70.79 76.10
6.82 6.54 3.71 12.50 9.27 17.83 10.66
.3 .8 .0 .0 .7. .0 .4

5 65.96 65.90 71.10 77.23 69.25 80.10 70.59
12.81 12.83 3.32 10.83 9.51' 8.97 12.13
1.2 1.0 2.5 .4 .4 .0 .8

6 68.27 71.49 76.10 74.74 79.73 70.71 72.95
7.21 8.14 17.90 8.02 5.65 13.52 9.88
.7 .4 3.0 .1 .2 .0 .5

7 68.02 69.74 74.77 70.06 77.09 70.58 70.69
14.61 19.86 2.23 11.29 15.72 5.47 15.38

.0 .2 2.0 .0 .0 .0 .2

8 53.67 69.92 59.89 78.10 71.56 70.33 68.86
17.16 21.11 13.44 5.96 5.40 2.87 15.22

.0 .a 2.5 1.0 .0 .0 .6

9 78.93 63.02 87.19 79.20 76.56 72.42 74.40
9.67 24.88 12.81 12.05 7.91 15.93 17.61
.3 .3 2.5 .6 .0 .0 .4

Posttests .

1 69.87 75.17 66.19 78.61 76.64 79.10 74.77
7.47 9.76 11.91 6.83 7.26 11.37 10.31

2 66.45 \58.49 57.57 67.16 70.59 62.38 64.27
4.61 9.09 12.39 3.50 4.74 5.52 8.31

*See Appendix C-1 for N and K in each cell.
**Mean number of computer validity checks. i.e. mean number of times in whicl,
an item's probability values (anti log of SCoRule values) did not sum to 1.00
within a .04 tolerance.. S then re-entered values.
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C-6. Marginal Means and Standard Deviations for

Class

Low

Mean Log Scores*

High

Treatment Group TOTAL
SAMPLE

Pretest 71.52 78.26 73.78 73.45 78.19 75.10
8.67 9.90 8.42 9.29 11.14 9.93

Sessions

66.29 72.97 79.51 61.54 69495 69.851

15.02 19.49 9.93 20.76 8.09 17.86
.2** .6 .3 .5 .' .3 . .4

2 75.14 74.77 77.30 73.81 67.75 74.96
12.91 12.57 12.86 13.07 .25 12.74'
1.0 .9 .8 1.3 .0 .9

3 72.81 72.32 74.93 70.01 73.28 72.56
8.30 15,67 10.83 13.73 12.01 12.54
.9 .3 .6 .7 .5 .6

4 /16.24 75.99 78.49 74.69 73.56 76.10
7.44 12.71 10.39 8.54 14.41 10.66
.5 .3 .2 .8 .0 .4

5 66.58 74.16 71.22 67.82 76.50 70.59

12.17 10.93 8.28 11.18 8.50 12.13
1.3 .3 ' .4 .6 1.0 .8

6 70.75 75.60 71.51 74.43 72.87 72.95
9.73 9.38 8.28 8.34 15.65 9.88
.8 .1 .4 .4 1.2 .5

7 69.72 72.33 68.84 71.57 72.26 70.69
16.99 12.00 13.42 19.17 4.91 15:30

.4 .0 .0 .2 .8, .2

8. 62.18 74.10 68.32 70.74 66.16 68.86
19.92 6.29 16.80 15.43 10.17 15.22

.8 .4 .6 .4 1.0 .6

9 72.01 76.96 79.07 68.23 78.33 74.40
21.27 12.08 11.02 21.18 16.44 17.61

.6 .3 .5 .2 1.0 .4

Posttests

70.99 78.12 73.95 75.91 74.26 74.771 '

10.35 9.04 8.40 8.64 13.16 10.31

2 61.28 66.51 66.80 65.93 60.46 64.27
9.98 5.88 4.11 8.96 9.23 8.31

*See Appendix C-2 for N and K information
**Mean number of computer validity checks (see Appendix C-5).
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APPENDIX D.
,

Means and Standard Deviations for Angles of Deviation
of Observed Realism from Perfect Realism

On Easy and-Hard Items

!

Session
N

Easy

17*

During Training Sessions

3Z* N

Hard

R R
1 26 2.96 15.58 25 3.12 27.26

1.22 18.62 1.17 26.87

: .-

2 26 3.35 10.29 26 3.46 "24.53
1.41 14.49 / 1.17 23 \80

3 28 3.50 21.55 32 3.53 16.30
1.37 25.36 1.11 19.97

4 25 3.32 7.69 29 3.59 21.19
1.22 11.95 1.18 21.48

5 35 4.26 13.92 33 4.36 30.67
1.50 19.87 1.45 26.69

6 36 4.06 7.42 32 4.34 27.67
1.33 9.70 1.43 22.21

7 c4 25 3.72 11.62 25 3.92 :42.25
1.40 19.48 1.44 24.76

8 25 4.24 14.81 24 3.63 29.08
1.51 13.85 1.41 23.71

9 34 3.97 8.38 32 4.13 32.13
1.61 15.65 1.43 27.69

*Standard deviations are shown below means.
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